Introduction {#S0001}
============

Increasing drug prescription raises the risk of the occurrence of ﻿potentially ﻿inappropriate ﻿medications (PIMs) prescribing.[@CIT0001] In this context, several studies have suggested a high prevalence of medication prescription in the elderly, increasing the presence of drug-related problems (increased frequency of adverse events, augmented iatrogenic morbidity and mortality, and increased hospitalization rate).[@CIT0002]--[@CIT0005] These problems are usually associated with inadequate dosing regimens in the elderly, with drug interactions, and even with medication duplication.[@CIT0002]--[@CIT0005] Furthermore, there are increasing problems of adherence to therapy[@CIT0006] and an increase in health expenditures associated with polypharmacy.[@CIT0007]--[@CIT0011] Inappropriate prescription is therefore considered a major health concern.[@CIT0003],[@CIT0012] In addition to the number of medications prescribed, female gender and dependency for daily life activities have also been associated with a higher prevalence of PIMs.[@CIT0013]

Polypharmacy, defined as the use of five or more drugs,[@CIT0014] does not necessarily imply the presence of inappropriate prescriptions, but it has been consistently associated with a higher risk of PIMs. It was evidenced that reducing the number of drugs used, through medication review programs, may reduce the risk of PIMs.[@CIT0009] In this context, a recent systematic review and meta-analysis showed that the use of PIMs increases mortality (risk ratio 1.59, 95% confidence interval 1.45--1.75).[@CIT0015]

In the elderly, in addition to PIMs, ﻿potential ﻿prescribing ﻿omissions (PPOs), ie, medications that are not prescribed but that are clinically indicated, are also highly prevalent.[@CIT0003]

Given the pharmacoeconomic implications of polypharmacy, the British Geriatrics Society recommends medication review interventions based on the principles of geriatric assessment for all elderly people identified with indicators of greater frailty (eg, falls, delirium, and immobility) by applying an evidence-based checklist such as the STOPP (Screening Tool of Older People's Prescriptions) and START (Screening Tool to Alert to Right Treatment) criteria.[@CIT0016] The STOPP criteria were developed to identify PIMs and the START criteria were designed to identify PPOs. These tools were originally developed in Ireland and published for the first time in 2008. They were developed by using the Delphi method and were organised according to the main physiological systems affected by specific drugs or drug classes.[@CIT0017] These criteria were recently revised by experts from 13 European countries in an attempt to extend their application. In fact, in light of the current scientific evidence, they were updated by removing some criteria and adding others and, presently, 87 STOPP criteria and 35 START criteria are established.[@CIT0018] These criteria have the advantage of being easy to apply and it has already been demonstrated, in different European centres, that they are reliable and reproducible.[@CIT0002],[@CIT0003] Importantly, by the application of these criteria, there has been a reduction in the number of PIMs associated adverse events, and costs in health care, as well as a decrease in the rate of iatrogenic-based hospitalization.[@CIT0009]--[@CIT0011],[@CIT0019]--[@CIT0021] Therefore, these tools may be effective in improving prescribing quality, and clinical, humanistic, and economic outcomes as well.[@CIT0022] There are also studies evidencing their reliability even when applied by pharmacists or other healthcare professionals, helping to improve the quality of care in geriatric patients.[@CIT0023],[@CIT0024]

The Beers criteria of the American Geriatric Society, originally published in 1991, were also developed by using the Delphi method, and they have had multiple updates. These criteria were created to support the clinical prescription in individuals 65 years of age or older. In addition to the list of PIMs, the Beers criteria include medications that should be avoided or their doses adjusted based on renal function and drug interactions that could lead to damage in the elderly.[@CIT0025]--[@CIT0027]

Since the introduction of the first version of Beers criteria by Dr Mark Beers in 1991, several other screening tools have been developed and published in the USA, Canada and European countries. Recently, an expert-consensus PIMs list covering the drugs marketed in seven European countries (Finland and Sweden in Scandinavia, France and Spain in southern Europe, Germany and the Netherlands in central Europe, and Estonia in Eastern Europe),[@CIT0028] called EU(7)-PIM list (ie, European list of Potentially Inappropriate Medications) was established. This list consists of 282 chemical substances or drug classes from 34 therapeutic groups and includes recommendations for dose adjustments and therapeutic alternatives. The EU(7)-PIM list is organised in two categories, independent of the diagnosis or considering the diagnosis, and it can be applied as a screening tool to identify PIMs in databases where little clinical information is available.[@CIT0028]

In Portugal, as in other Western countries, there has been an increase in the average lifespan and, consequently, in the number of elderly people. Given that several explicit criteria for PIMs and/or PPOs detection have been developed, which have been found to be effective and reliable tools to support medication review interventions in the elderly, it is fully justified to apply and compare them in Portuguese elderly patients. Indeed, contrary to what happens in other countries, few studies have been published in Portugal on this matter, and these only applied the Beers criteria[@CIT0029] and STOPP/START criteria.[@CIT0030],[@CIT0031] Actually, to the best of our knowledge, the EU(7)-PIMs list has never been applied before in Portugal and according to literature, this tool is deemed to be sensitive even when the clinical information available is minimal. So, it is important to evaluate if the EU(7)-PIMs list brings clinical benefits relatively to other tools already used in Portugal. Hence, it was considered opportune to apply and compare the results generated by these three tools in the medication review of geriatric patients institutionalized or attending a day-care centre. The primary aim of the present study was to assess and compare the prevalence of PIMs and PPOs in a sample of elderly nursing home residents or outpatients of the Eastern Central Region of Portugal using three different tools (ie, Beers criteria, STOPP/START criteria and the EU(7)-PIMs list), thus inferring if the choice of the medication review screening tool is important to detect PIMs. In addition, this study aimed to compare the obtained data with the other studies carried out in other regions of Portugal and analyse the use of drugs with potential consequences on the frail elderly.

Patients and Methods {#S0002}
====================

A descriptive cross-sectional study involving the analysis of clinical records of elderly nursing home residents or outpatients attending a day-care centre in the Eastern Central Region of Portugal was performed over a period of one year.

The study was based on a convenience sample, which included elderly nursing home residents and residents with total independence (outpatients, ie, people who use the nursing home as an adult day-care centre) with age ≥65 years.

The data collected from the patient's medical records included socio-demographic data, current diagnoses, past medical history, laboratory results, vital signs measured in nursing home (eg, blood pressure) and prescribed therapy (drug substance, index date and daily dosage). Whenever the information was missing or unclear, the responsible professional caregiver (physician or nurse) was contacted.

The medicines and the diagnosis were classified according to the Anatomical Therapeutic Chemical Classification (ATC/DDD Index 2017) and the International Statistical Classification of Diseases and Related Health Problems, 10th Revision (ICD-10) version 2016, respectively.

All medication included in the study was analysed by applying the Beers (version 2015), the STOPP/START criteria version 2 as well as the EU(7)-PIM list. To perform a comparison with all criteria, only patients with an established diagnosis were included. The criteria were applied by two independent researchers, a practicing clinical pharmacist and a clinician. Discrepancies in the clinical judgement were resolved by discussion involving the other researchers.

Data analysis was performed using descriptive statistics as mean and range, absolute frequency and percentages.

This study received approval from the Ethics Committee of the University of Beira Interior (n.º CE-UBI-Pj-2017-004; june 26, 2017) and was conducted in agreement with the principles of the Declaration of Helsinki; all participants provided written informed consent.

Results {#S0003}
=======

Data were collected from 90 patients, of which 71 (78.9%) were female, 48 were nursing home residents and 42 used the nursing home as an adult day-care centre ([Table 1](#T0001){ref-type="table"}). The average age (overall range) was 84.15 (65--103) years. The average number of prescribed drugs per patient was 7.6, 30 of them had taken between 5 and 9 medicines and 33 had taken 9 or more medicines. Circulatory system diseases were the most prevalent, affecting 72 (80.0%) of patients, followed by endocrine, nutritional and metabolic diseases (n = 46, 51.1%), and mental and behavioural disorders (n = 43, 47.8%). Hypertension, dyslipidaemias and dementia were the most prevalent diseases in those three groups of health problems, respectively. Detailed information on the study population is provided in [Table 1](#T0001){ref-type="table"}.Table 1Characteristics of the Study Sample (N = 90)CharacteristicsStudy Sample (N = 90)Age, average (range)84.15 (65--103)Sex, *n*Male19 (21.1%)Female71 (78.9%)Nursing homes residents48 (53.3%)Residents with total independence (outpatients, ie, people who use the nursing home as an adult day-care centre)42 (46.7%)Number of medicines0--426 (30.0%)5--930 (33.3%)≥ 933 (36.7%)Number of prescribed drugs (average per patient)7.6Health problems (ICD-10)\*Neoplasms5 (5.5%)Diseases of the blood and blood-forming organs and certain disorders involving the immune mechanism10 (11.1%)Endocrine, nutritional and metabolic diseases46 (51.1%)Mental and behavioural disorders43 (47.8%)Diseases of the nervous system10 (11.1%)Diseases of the eye and adnexa4 (4.4%)Diseases of the ear and mastoid process11 (12.2%)Diseases of the circulatory system72 (80.0%)Diseases of the respiratory system17 (18.9%)Diseases of the digestive system15 (16.7%)Diseases of the skin and subcutaneous tissue1 (1.1%)Diseases of the musculoskeletal system and connective tissue32 (35.5%)Diseases of the genitourinary system17 (18.9%)[^1]

The application of the Beers criteria version 2015 identified 69 PIMs in 51 (56.6%) patients, considering the panel's recommendations and specificity.[@CIT0025] Most of patients presented one PIM and in 14 patients two or three PIMs were detected ([Table 2](#T0002){ref-type="table"}). In the STOPP criteria, the diagnosis information is important to evaluate the inappropriateness of medications.[@CIT0018] By applying the STOPP criteria 250 PIMs were identified in 77 (85.5%) patients. The number of them having one or more PIMs was 17 and 60, respectively, and the majority of patients presented 4 PIMs ([Table 2](#T0002){ref-type="table"}). The application of EU(7)-PIM list considering diagnosis identified 94 PIMs and, in the 90 patients, 58 (64.4%) had PIMs associated and 35 had one PIM prescribed ([Table 2](#T0002){ref-type="table"}).Table 2Summary of Patients with Potentially Inappropriate Medications (PIMs) Identified in the Study Sample (N = 90) by Beers' (Version 2015), STOPP Criteria (Version 2) and EU(7)-PIM ListPIMsBeers 2015, n (%)STOPP Criteria, n (%)EU(7)-PIM List, n (%)1 PIM37 (41.1%)17 (18.9%)35 (38.9%)2 PIMs10 (11.1%)6 (6.6%)13 (14.4%)3 PIMs4 (4.4%)18 (20.0%)7 (7.8%)4 PIMs0 (0.0%)24 (26.7%)3 (3.3%)≥5 PIMs0 (0.0%)12 (13.3%)0 (0.0%)Total number of patients with PIMs51 (56.6%)77 (85.5%)58 (64.4%)Total number of PIMs6925094

The drugs most commonly associated with PIMs when applying the Beers criteria were short- and intermediate-acting benzodiazepines (20 and 28 patients had been prescribed with alprazolam and lorazepam, respectively). Some patients had taken two short- and intermediate-acting benzodiazepines and one long-acting benzodiazepine. We found 7 individuals with a diagnosis of dementia that had taken one or two benzodiazepines, one person had taken zolpidem, three people had taken two benzodiazepines and two had taken an antipsychotic and an anticholinergic agent. Analyzing the "falls" history one patient had been prescribed with alprazolam, zolpidem and amitriptyline, another patient had tapentadol and two had benzodiazepines (lorazepam, alprazolam). Considering the PIMs to be used with caution in older adults, 54 patients had mirtazapine and 34 had been prescribed diuretics ([Table 3](#T0003){ref-type="table"}). In short, medication acting on the central nervous system (CNS) was responsible for the majority of the PIMs.Table 3Results Observed by the Application of 2015 American Geriatrics Society Beers Criteria for Potentially Inappropriate Medications (PIMs) to Be Used with Caution in Older AdultsPIMs to Be Used with CautionNumber of PatientsAspirin for primary prevention of cardiac events in adults aged ≥8017Antipsychotics26Diuretics34Carbamazepine2Mirtazapine54Serotonin--norepinephrine reuptake inhibitors2Selective serotonin reuptake inhibitors15Tricyclic antidepressants5Vasodilators1

The PIMs most frequently identified by applying the STOPP criteria were drugs prescribed beyond the recommended duration, specifically benzodiazepines taken for 4 weeks or longer, the most prescribed being lorazepam and alprazolam ([Table 4](#T0004){ref-type="table"}). The elderly have an increased risk of falls and benzodiazepines and neuroleptics were the agents most found as PIMs in these people. ﻿Nursing home residents (64.6%) had taken benzodiazepines and 37.5% neuroleptics. In outpatients, we found 54.8% with benzodiazepines and 23.8% with neuroleptics. Olanzapine was the neuroleptic drug most found in the nursing home residents, and in the outpatients was quetiapine. Duplicated drug class prescription was also observed, particularly two or more benzodiazepines and two or more neuroleptics.Table 4Number of Patients with Potentially Inappropriate Medications (PIMs) Identified by the STOPP Criteria (Top Five)CriterianDrug prescribed beyond the recommended duration, where treatment duration is well defined58Duplicate drug class prescription12Benzodiazepines for ≥4 weeks54Benzodiazepines54Neuroleptic drugs28

The most frequently identified PIMs using the EU(7)-PIM list involved anxiolytics (lorazepam \> 1 mg/day and alprazolam), hypnotics and sedatives (zolpidem) in prolonged use.

The application of the START criteria identified 68 PPOs when considering the diagnosis. In addition, 52 patients had PPOs and, among these, 39 had one PPO ([Table 5](#T0005){ref-type="table"}). The majority of PPOs involved the annual administration of seasonal trivalent influenza vaccine, detecting 36 patients who had not taken this vaccine. The bone anti-resorptive or anabolic therapy in patients with documented osteoporosis and/or previous history of fragility fracture(s) and antiplatelet therapy with a documented history of coronary, cerebral or peripheral vascular disease were the other PPOs most found (8 patients).Table 5Summary of Patients with Potential Prescribing Omissions (PPOs) Identified in the Study Sample (N = 90) by START Criteria (Version 2) Considering the DiagnosisPPOsSTART, n (%)1 PPO39 (43.3%)2 PPOs11 (12.2%)3 PPOs1 (1.1%)4 PPOs1 (1.1%)≥5 PPOs0 (0.0%)Total number of patients with PPOs52 (57.7%)Total number of PPOs68

Discussion {#S0004}
==========

In Portugal, as in many other countries, patient care is a priority and demands policy measures to foster clinical practice improvement and better quality of life for the patient.[@CIT0032] The majority of the elderly patients evaluated were taking at least one or more inappropriate drugs.[@CIT0005],[@CIT0029]-[@CIT0031],[@CIT0033],[@CIT0034] In a polymedicated elderly person, it is important to use tools that detect the majority of PIMs to avoid any potential problems associated with inappropriate medication and thus improve their quality of life. According to literature, adverse events associated with the use of drugs occur in 15% or more of the elderly population and could be prevented.[@CIT0035] A recent study concluded that PIMs and polypharmacy are frequently observed in hospital-discharged patients increasing the risk of unplanned hospital readmission.[@CIT0036] The drugs most frequently associated with inappropriate prescribing are antiplatelet agents with over-prescribing and omission, and benzodiazepines in prolonged use.[@CIT0037],[@CIT0038] In addition, the long-term use of non-steroidal anti-inflammatory drugs has also been identified by applying the STOPP criteria.[@CIT0006] In Portugal, a study about institutionalized people found a total of 484 drug-related problems (DRP) in 31 elderly patients (median: 15 DRP/patient).[@CIT0031] Another study showed that the prevalence of PIMs, regardless of the tool used, was high.[@CIT0030] Our study was the only to make a detailed comparison of the detected PIMs using three different screening tools and provides useful insights regarding the prevalence of inappropriate prescription in an elderly population belonging to the Eastern Central Region of Portugal.

In the present study, we found patients polymedicated with multiple comorbidities, very similar to others studies.[@CIT0019],[@CIT0031],[@CIT0036] The fact that we had more women than men in our sample leads us to hypothesize that women tend to live longer and be more prone to have physical or psychological complaints.

Applying the STOPP version 2 criteria we detected significantly more PIMs in comparison with the EU(7)-PIM list and Beers criteria version 2015. The higher number of PIMs identified by the STOPP version 2 criteria may be due to the high sensitivity of these criteria for the European reality.[@CIT0039] In addition, there were significant differences in the number of PIMs detected depending on the tool used. In fact, the STOPP criteria are the screening tool that detected a higher number of PIMs.[@CIT0030] These results seem to be in accordance with a study carried out in Croatia, in which the application of the STOPP version 2 criteria identified significantly more PIMs than the EU(7)-PIM list.[@CIT0039] On the other hand, in a study in Lithuania, the EU(7)-PIM list detected more PIMs than the Beers criteria version 2015, such as a study conducted at the Gerontology Center Belgrade.[@CIT0040],[@CIT0041]

Regardless of the existing differences in the number of PIMs detected with the above-mentioned protocols, with all of them it was observed that benzodiazepines prescribing was the most prevalent PIM and that the drugs acting on the CNS were responsible for the majority of the PIMs found. In addition, a notable proportion of PIMs was also associated with drugs targeting the CNS, which adversely affects the stability or mobility of patients. These results are in agreement with those obtained in other similar studies carried out in Portugal and other European countries.[@CIT0005],[@CIT0029]-[@CIT0031],[@CIT0033],[@CIT0038],[@CIT0041]

In our study, in contrast to the others performed in Portugal, alprazolam and lorazepam were the two drugs most commonly prescribed as PIMs. In the study performed in pharmacies in Lisbon, diazepam and ticlopidine were the drugs associated with inappropriateness.[@CIT0029] The consumption of benzodiazepines and neuroleptics was higher in the nursing home residents, in fact, previous research has reported an increased risk of mental health issues among the elderly living in residential care facilities,[@CIT0042] which could explain our results.

In contrast, in similar studies carried out in Portugal, no patient was using ticlopidine, and only one patient, with complicated peptic ulcer disease or erosive peptic oesophagitis, was using a PPI.[@CIT0018],[@CIT0031] However, the decrease in the use of PPI is due, most likely, to the new recommendations on the safety of its use.[@CIT0043]

Another worrying aspect of detected PIMs was the duplicated drug classes at the top of the list, which was mainly represented by benzodiazepines and antipsychotics, similarly to those observed in a study carried out in Lisbon and Alentejo, in Portugal.[@CIT0030] In this context, it is important to mention that the average consumption of these two drug classes in Portugal is higher than in most European countries,[@CIT0032] having potential consequences on the frail elderly.[@CIT0033],[@CIT0038],[@CIT0044]

The Beers criteria version of 2015 include the table "for Non-Anti-Infective Medications That Should Be Avoided or Have Their Dosage reduced with Varying Levels of Kidney Function in Older Adults,"[@CIT0025] but we did not assess patients in this context. However, we detected cases of patients taking drugs from this table, but there was no registration of creatinine clearance values in their clinical records and therefore it was not possible to assess whether the use of these drugs was or not potentially inappropriate.

The most commonly detected PPOs were associated with the area of cardiovascular prevention, specifically the absence of antiplatelet therapy, and in flu prevention the missing annually seasonal trivalent influenza vaccine.[@CIT0045] In this context, the flu vaccine is strongly recommended and is free of charge on the National Health Service in Portugal for people aged 65 or older.[@CIT0046] However, in some nursing homes, the administration of the influenza vaccine is only carried out on patients who have a medical prescription or in patients whose responsible relatives have given permission. A study performed in elderly patients that visited their primary care physician showed that the absence of antiplatelet therapy was, also, a highly ranked PPO based on START criteria.[@CIT0038]

Another important group with omissions was the musculoskeletal system medication, but in our study, it was not attributed to the absence of vitamin D, rather to the absence of a bone anti-resorptive or anabolic therapy, in contrast to the study performed in nursing homes located in the region of Lisbon and Alentejo.[@CIT0030] In the analysis of medical data, we did not detect any contraindication to the use of this class of drugs.

In addition to the high prevalence of polymedication in the study population, a notable proportion of PIMs was detected. Depending on the screening tools applied, the prevalence of PIMs varied significantly. In this context, the STOPP criteria identified more PIMs in this sample than the other two tools, and it should, therefore, be preferred.[@CIT0030],[@CIT0039] Furthermore, these results suggest that there is the need for urgent interventions to improve instructions for safe drug use in elderly patients, to decrease the number of drugs whenever possible, and to increase the appropriateness of the medication regimen. Prescribing, in the future, will likely become an act supported by drug screening tools to alert doctors about potential PIMs.

Nonetheless, there were some limitations intrinsic to this study. The main one was the small sample size, which is a regional sample, which is not representative of the national population as a whole. In addition, incomplete documentation of patients' current diagnoses and biochemical information in analysing the clinical records may have led to a lower rate of PIMs reported in some cases, or a higher rate of reporting in others (ie, where a medicine was clinically indicated but the patient's clinical data did not support the indication). All the protocols to identify PIMs also have inherent limitations to their use. For example, there may be a difference between recommendations derived from evidence and what is in the individual patient's best interest.[@CIT0047] On the other hand, the differences between the protocols and the medicines used in the countries where these tools were originally developed can also be important.

Conclusion {#S0005}
==========

It is urgent to perform actions to reduce PIMs and PPOs and therefore to improve care quality. STOPP version 2 criteria identified substantially more PIMs than the EU(7)-PIM list and Beers criteria. The variations in prevalence detected with the different tools indicate that a careful choice of the tool for medication review in the elderly is important. High consumption of benzodiazepines and antipsychotics was found, having potential consequences on the frail elderly, suggesting the need for the implementation of medication review programs and interventions to improve instructions for a safer drug use in the elderly. Reducing the number of medications whenever possible, and increasing the appropriateness of the medication regimen is needed. Although screening tools will never replace the clinical assessment and judgement, they can be used as a systematic approach for improving prescribing practices in older populations. Incorporating the use of these tools by other health professionals, like nurses and pharmacists, into everyday practice could play an important role in improving the quality of pharmacotherapy and review medication of elderly nursing home residents.
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[^1]: **Note:** \*International Statistical Classification of Diseases and Related Health Problems 10th Revision.
